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Although recent animal and clinical studies (1-8) have shown
that both global and regional left ventricular function im-
prove with early reperfusion in myocardial infarction, un-
derlying mechanisms remain to be resolved . Reperfusion
could effect salvage of jeopardized myocardium . Alterna-
tively, or simultaneously, it could accelerate infarct edema
or induce myofibrillar contracture and intramyocardial hem-
orrhage, increasing sti
f
fness (9,10) .
Wall stiffening could
then mediate improved ejection performance indirectly by
minimizing dyskinesia, a concept formulated in the early
1970s (11). The well designed animal study by Kurnik et al .
(12) in this issue of the Journal furnishes intriguing evidence
for myocardial salvage .
Use of myocardial stiffness to discriminate between salvage
and reperfusion injury.
The ingenious crux of the present
study design (12) is that the important distinction between
reperfusion-induced myocardial salvage and further damage
can be resolved by studying simultaneous effects on diastolic
stiffness . Ejection fraction and diastolic stiffness were as-
sessed in a normothermic, closed chest, anesthetized dog
model after occlusion of the left anterior descending artery
for I It (early reperfusion) or 3 h (late reperfusion) and during
the subsequent 4 weeks. Early reperfusion resulted in im-
provement of the ejection fraction, accompanied by simul-
taneous resolution of the occlusion-induced increased stiff-
ness. Late reperfusion was associated with permanent
depression of ejection fraction and permanent elevation of
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stiffness . These findings were maintained throughout the
follow-up period . The authors conclude that "the improved
systolic function observed after early reperfusion reflects a
process other than increased stiffness, perhaps salvage of
jeopardized myocardium."
Some areas of uncertainty remain . The investigation of
Kurnik et alL is discerning and anticipates future studies on
the roles of myocardial salvage and segmental stiffening as
mechanisms for improved ventricular function after early
reperfusion
. Although the conclusions drawn by the authors
from the data are reasonable, there are several areas that
merit further consideration in guiding future research .
l . Stiffness constant comparisons . The slopes of myo-
cardial stiffness-stress or chamber stiffness-pressure rela-
tions are the myocardial stiffness constant (k s ) and the
chamber stiffness constant (k p), respectively (13). We have
shown (14,15) that when high late diastolic stress levels are
attained, as with strong mobilization of the Frank-Starling
mechanism . passive stiffness-stress plots are bilinear . This
bilinearity in one and the came ventricle is an expression of
the ensuing strong recruitment of stiff fibrocollagenous com-
posite wall elements at high diastolic stress levels . Thus,
different inferences may be drawn regarding organic patho-
logic processes as causes of myocardial stiffening if compar-
isons of stiffness constants are made without attention to
large differences in applying filling stress ranges than if sfch
differences are taken into consideration . Similar attention to
filling pressure ranges should be given when comparing
chamber stiffness constants . Moreover, use of an incremen-
tal modules assessed in terms of stress differences and strain
differences should augment the power of stiffness constant
comparisons in the intact heart (13,14,16). Use of a simpli-
fied analysis properly reserved for a uniaxial state of stress
(papillary muscle) is admissible but does not allow for the
three-dimensional state of stress in the wall of the left
ventricle (17).
2. Relaxation time constant evaluations .
I
have ditfi-
cuily in assess ngthe significance of the lack of
change in the
lime constant of monoexponential relaxation in response to
infarction and reperfusion in the present study (12) . It may
be that during occlusion, when systolic shortening in the
corresponding myocardial region is absent, systolic cross-
bridge formation is also absent (18) . If
no cross-bridges are
formed in systole, a necessary condition for impaired relax-
ation in diastole is missing. Future investigations should take
into account that inaccuracies in calculated time constants
for monoexponential pressure decays occur when such
monoexponential models are applied in the presence of
asynergy and segmental relaxation abnormalities (15,19,20) .
The exact timing of the measurements may also be
important . Thus, on reperfusion of hypoxic normothermic
0731-1097lenjg3.50
1038
PASIPOULARIDES
EDITORIAL COMMENT
papillary muscle, there is a great but
transient further
impairment of relaxation, lasting only minutes before control
relaxation dynamics are restored (21 .22)
. The exact timing of
the hemodynamic measurements in relation to the onset of
reperfusion could he important, in this context, in future
studies encompassing the short-term effects of reperfusion .
Under conditions of impaired (delayed) relaxation, it may be
particularly advantageous to apply a recently developed
model (14) allowing assessment of passive diastolic proper-
ties after subtracting decaying contractile components from
diastolic pressures and wall stresses .
Clinical Implications. The study by Kurnik et al . (12) is
clinically pertinent because it applies an innovative approach
to a clinically important question. After all, the real goal of
reperfusion therapy is not to reestablish patency but to
salvage muscle . The value of the animal study probably
would have been enhanced by the inclusion of regional
measurements. However, by its ingenious premise, which
allows use of parsimonious global measurements readily
obtainable in :mmans in the catheterization laboratory, the
new model acquires higher clinical value . The authors have
provided helpful insight and considerable optimism with
their investigation . Myocardial salvage probably is respon-
sible for improved systolic function with early reperfusion,
and functional status I week after reperfusion might be
predictive of permanent status. In future studies, correlative
information between the experimental laboratory and the
clinical setting should continue to improve understanding of
pathophysiology in this exciting new area.
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